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FLOATING GATE METHOD AND DEVICE 

BACKGROUND OF THE INVENTION 

The present invention relates to the manufacture of semi 
conductor integrated circuits. More particularly, the inven 
tion is illustrated With regard to memory cell structures for 
a ?ash memory cell or ?ash EZPROM or EPROM cell, but 
it Will be recognized that the invention has a Wider range of 
applicability. Merely by Way of example, the present inven 
tion can be applied to a variety of embedded memory cell 
structures such as microprocessors (“MICROs”), 
microcontrollers, application speci?c integrated circuits 
(“ASICs”), and the like. 

Avariety of memory devices have been proposed or used 
in industry. An example of such a memory device is an 
erasable programmable read-only memory (“EPROM”) 
device. The EPROM device is both readable and erasable, 
i.e., programmable. In particular, an EPROM is imple 
mented using a ?oating gate ?eld effect transistor, Which has 
binary states. That is, a binary state is represented by the 
presence of absence of charge on the ?oating gate. The 
charge is generally suf?cient to prevent conduction even 
When a normal high signal is applied to the gate of the 
EPROM transistor. 
Numerous varieties of EPROMs are available. In the 

traditional and most basic form, EPROMs are programmed 
electrically and erased by exposure to ultraviolet light. These 
EPROMs are commonly referred to as ultraviolet erasable 
programmable read-only memories (“UVEPROM”s). UVE 
PROMs can be programmed by running a high current 
betWeen a drain and a source of the UVEPROM transistor 
While applying a positive potential to the gate. The positive 
potential on the gate attracts energetic (i.e., hot) electrons 
from the drain-to-source current, Where the electrons jump 
or inject into the ?oating gate and become trapped on the 
?oating gate. 

Another form of EPROM is the electrically erasable 
programmable read-only memory (“EEPROM” or 
“E2PROM”). EEPROMs are often programmed and erased 
electrically by Way of a phenomenon knoWn as FoWler 
Nordheim tunneling. Still another form of EPROM is a 
“Flash EPROM,” Which is programmed using hot electrons 
and erased using the FoWler-Nordheim tunneling phenom 
enon. Flash EPROMs can be erased in a “?ash” or bulk 

mode in Which all cells in an array or a portion of an array 
can be erased simultaneously using FoWler-Nordheim 
tunneling, and are commonly called “Flash cells” or “Flash 
devices.” 
A limitation With the ?ash memory cell is high voltage is 

often required to program the device. In some conventional 
devices, the high voltage can be up to double the amount of 
voltage needed to operate the device. As device siZe 
becomes smaller, high voltage is often detrimental to the 
operation of the device, as Well as its reliability. In particular, 
high voltages often require a high voltage supply, Which uses 
a more ef?cient voltage pump. This voltage pump generally 
requires a thicker oxide for the transistor device, Which is 
often more difficult to make accurately. Additionally, higher 
voltages often lead to reliability and quality problems. These 
and other limitations exist in conventional ?ash memory 
devices. From the above it is seen that a ?ash memory cell 
structure that is easy to fabricate, cost effective, and reliable 
is often desired. 
From the above, it is seen that an improved isolation 

structure for an integrated circuit device is highly desirable. 

SUMMARY OF THE INVENTION 

The present invention provides a technique, including a 
method and device, for an improved ?ash memory device. In 
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2 
particular, the present invention provides a novel gate 
structure, including ?oating and control gates, for a ?ash 
memory cell. 

In a speci?c embodiment, the present invention provides 
a novel integrated circuit device, Which has a ?ash memory 
cell. The ?ash memory cell has a tunnel dielectric layer 
overlying a surface of a semiconductor substrate. A ?oating 
gate layer is de?ned overlying the tunnel dielectric layer. 
The gate layer has an edge de?ned thereon, Where a sideWall 
spacer extends along and on the edge. The sideWall spacer 
includes a ?rst portion de?ned adjacent to the edge and a 
second portion extending from the ?rst portion to a region 
substantially outside the edge. The combination of the 
sideWall spacer and the gate layer provide a novel surface for 
increasing gate coupling ratio (“GCR”). 

In an alternative embodiment, the present invention pro 
vides a novel method for forming an integrated circuit 
device that includes a ?ash memory cell. The method 
includes steps of forming a tunnel dielectric layer overlying 
a surface of a semiconductor substrate, and forming a 
?oating gate layer overlying the tunnel dielectric layer. The 
gate layer has an edge de?ned thereon. The method also 
includes a step of forming a sideWall spacer extending along 
and on the edge. The sideWall spacer has a ?rst portion 
de?ned adjacent to the edge and a second portion extending 
from the ?rst portion to a region substantially outside the 
edge. Among other features, the combination of the sideWall 
spacer and the gate layer provides a novel surface structure 
for increasing GCR. 
Numerous bene?ts are achieved in one or more embodi 

ments of the present invention over conventional techniques. 
For example, the present invention provides a relatively 
simple structure to increase a gate coupling ratio of a ?ash 
memory device in an embodiment. The increased gate 
coupling ratio leads to loWer voltages needed to program the 
device. Additionally, the present invention uses a simple 
technique for manufacturing the novel ?ash memory cell. 
This technique relies on conventional technology including 
sideWall spacers. These and other bene?ts are described 
throughout the present speci?cation, and more particularly 
beloW. 

The present invention achieves these bene?ts in the 
context of knoWn process technology. A further understand 
ing of the nature and advantages of the present invention, 
hoWever, may be realiZed by reference to the latter portions 
of the speci?cation and attached draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 a simpli?ed cross-sectional vieW diagram of a 
conventional ?ash memory device; 

FIGS. 2A—2D are simpli?ed diagrams of a ?ash memory 
device according to embodiments of the present invention; 
and 

FIGS. 3—6 are simpli?ed cross-sectional vieW diagrams of 
a method according to an embodiment of the present inven 
tion. 

DESCRIPTION OF THE SPECIFIC 
EMBODIMENTS 

I. CONVENTIONAL DEVICE STRUCTURE 
FIG. 1 is a simpli?ed cross-sectional vieW diagram of a 

conventional ?ash memory device 10. This memory device 
10 includes source/drain regions 23, Which are de?ned in 
substrate 25. Field isolation oxide regions 21 are de?ned in 
the substrate 25 to isolate the memory device 10. A gate 
structure including a ?oating gate 11 and a control gate 19 
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is de?ned overlying an oxide layer 12, Which is de?ned 
overlying the substrate 25. Oxide layer 12 is commonly 
termed the “tunnel oxide,” since electrons tunnel through the 
oxide layer to the ?oating gate. A dielectric layer is sand 
Wiched betWeen the ?oating gate 11 and the control gate 19. 
The dielectric layer includes an oxide layer 13, Which is 
de?ned overlying the ?oating gate 11. A nitride layer 15 is 
de?ned overlying the oxide layer 13. Another oxide layer 17 
is de?ned overlying the nitride layer 15. The combination of 
the tWo oxide layers and the nitride layer sandWiched in 
betWeen is commonly called an “ONO” structure. An 
example of this memory device is one developed by Intel 
Corporation (“Intel”). Intel called its process FLOTOX (i.e., 
FLoating gate Tunneling OXide). Other processes are called, 
for example, FETMOX, SIMOS, etc., Which differ slightly 
from company to company. 

The general storage cell structure includes an access 
transistor and a double polysilicon storage cell With a 
?oating polysilicon gate isolated in silicon dioxide, Which is 
capacitively coupled to a second polysilicon control gate, 
Which is stacked directly above the ?oating gate. The 
memory cell can be used in NMOS, as Well as CMOS 
technology. 

The storage cell is erased by FoWler-Nordheim tunneling 
of electrons. For example, selected voltages are applied to 
the VDD, VBB, and VPP to inject electrons through the thin 
oxide layer from the ?oating gate to the junction. The 
?oating gate thereby becomes relatively more positively 
charged. This shifts the threshold voltage in the negative 
direction so that in the READ mode the transistor Will be 
“on.” In the program mode the control gate is at a high 
voltage While a ?xed voltage is applied to the drain junction 
to generate hot electrons. These hot electrons have suf?cient 
energy to overcome the oxide barrier and enter into the 
?oating gate. The threshold voltage thereby shifts in the 
positive direction so that in the read mode the transistor Will 
be “off.” Typically, the erased state corresponds to a logical 
“1” stored in the cell, and the programmed state corresponds 
to a logical “0” stored in the cell. Of course, in particular 
implementations, the reverse notational convention can also 
be used such that an erased state corresponds to a logical “0” 
and a programmed state corresponds to a logical “1”. 
Numerous limitations exist in this conventional cell struc 

ture. As device siZe becomes smaller, it becomes advanta 
geous to use loWer voltages on the control gate to program 
the device. LoWer voltages are often achieved by Way of a 
higher gate coupling ratio. Gate coupling ratio is de?ned 
according to the simpli?ed expression: 

GCR cm/(cm+cm) 

Where 
GCR is the gate coupling ratio; 
Cone is capacitance of the oxide/nitride/oxide; and 
Cwx is capacitance of the tunnel oxide. 

As shoWn in the above expression, GCR is generally 
increased by decreasing the thickness of the tunnel oxide 
layer, Which reduces capacitance of such layer. 
Unfortunately, it is generally impossible to maintain effec 
tive device performance having a tunnel oxide thickness of 
less than about 110 Angstroms for devices having a channel 
length of less than about 1.5 microns. Additionally, the 
geometric con?guration of the conventional device limits 
relative area of the tunnel oxide layer to the ONO layer. 
Accordingly, GCR simply cannot be adjusted in an easy and 
cost effective manner. Some manufacturers have attempted 
to provide different geometric con?gurations from the con 
ventional device shoWn by FIG. 1, but such con?gurations 
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4 
often come With the additional expense or limitation in 
processing the device. 
II. PRESENT DEVICE STRUCTURE AND METHOD 

FIGS. 2A—2D are simpli?ed diagrams of a ?ash memory 
device according to embodiments the present invention. 
These diagrams are merely examples and should not limit 
the scope of the claims herein. One of ordinary skill in the 
art Would recogniZe other alternatives, variations, and modi 
?cations. In FIG. 2A, for example, memory device 100 
includes a variety of features such as ?eld isolation oxide 
regions, Which are used to isolate the active device regions. 
The device also includes source/drain regions in a Well 
region. 
A stacked gate structure 110 is de?ned overlying a chan 

nel region 106. A thin gate dielectric layer 113 is de?ned 
overlying channel region 106. The thin gate dielectric layer 
is often made of a high quality oxide layer such as thermal 
oxide or the like. The stacked gate structure 110 includes at 
least tWo gate structures, including ?oating gate 107 and 
control gate 111. The ?oating gate and the control gate are 
separated from each other by a dielectric layer 109. This 
dielectric layer can be a single layer or multiple layers, e.g., 
oxide on nitride on oxide. Control gate 111 is de?ned 
overlying the dielectric layer. 

Floating gate 107 is selectively formed to increase GCR 
in the present device. Floating gate includes a layer of 
conductive material having top surface 117, Which is adja 
cent to dielectric layer 109. Floating gate 107 also includes 
sideWall spacers 108, Which extend outside the top surface 
117. A combination of the conductive material layer and 
conductive sideWall spacers 108 provides a novel geometric 
con?guration that increases an area that is coupled to control 
gate 111 While reducing an area that is coupled to channel 
region 106. In a speci?c embodiment, the surface of the 
?oating gate that is capacitively coupled to the control gate 
is much larger than the surface of the ?oating gate that is 
capacitively coupled to the dielectric or tunnel oxide layer. 

In FIG. 2B, for example, memory device 200 includes a 
variety of features such as ?eld isolation oxide regions 202, 
Which are used to isolate the active device regions, Which is 
shoWn in the simpli?ed side-vieW diagram. The device also 
includes source/drain regions 204, 206 in a Well region, as 
shoWn in the simpli?ed top-vieW diagram 201. Some like 
reference numerals are used in these Figures as shoWn in the 
above Figures. 
A stacked gate structure 110 is de?ned overlying a chan 

nel region 106. A thin gate dielectric layer 113 is de?ned 
overlying channel region 106. The thin gate dielectric layer 
is often made of a high quality oxide layer such as thermal 
oxide or the like. The stacked gate structure 110 includes at 
least tWo gate structures, including ?oating gate 107 and 
control gate 111. The ?oating gate and the control gate are 
separated from each other by a dielectric layer 109. This 
dielectric layer can be a single layer or multiple layers, e.g., 
oxide on nitride on oxide. Control gate 111 is de?ned 
overlying the ?oating gate including sideWall spacers and 
?eld oxide regions. 

Floating gate 107 is selectively formed to increase GCR 
in the present device. Floating gate includes a layer of 
conductive material having top surface 117, Which is adja 
cent to dielectric layer 109. Floating gate 107 also includes 
sideWall spacers 108, Which extend outside the top surface 
117 and sit on the ?eld oxide regions. Floating gate extends 
diagonally across active region and ends at ?eld oxide 
regions. Acombination of the conductive material layer and 
conductive sideWall spacers 108 provides a novel geometric 
con?guration that increases an area that is coupled to control 
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gate 111 While reducing an area that is coupled to channel 
region 106. In a speci?c embodiment, the surface of the 
?oating gate that is capacitively coupled to the control gate 
is much larger than the surface of the ?oating gate that is 
capacitively coupled to the dielectric or tunnel oxide layer. 

In FIG. 2C, for example, memory device 300 includes a 
variety of features such as ?eld isolation oxide regions 202, 
Which are used to isolate the active device regions, Which is 
shoWn in the simpli?ed side-vieW diagram. The device also 
includes source/drain regions 204, 206 in a Well region, as 
shoWn in the simpli?ed top-vieW diagram 302. Some like 
reference numerals are used in these Figures as shoWn in the 
above Figures. 
A stacked gate structure 110 is de?ned overlying a chan 

nel region 106. A thin gate dielectric layer 113 is de?ned 
overlying channel region 106. The thin gate dielectric layer 
is often made of a high quality oxide layer such as thermal 
oxide or the like. The stacked gate structure 110 includes at 
least tWo gate structures, including ?oating gate 107 and 
control gate 111. The ?oating gate and the control gate are 
separated from each other by a dielectric layer 109. This 
dielectric layer can be a single layer or multiple layers, e.g., 
oxide on nitride on oxide. Control gate 111 is de?ned 
overlying the ?oating gate With sideWall spacers and ?eld 
oxide regions. Control gate does not extend over outside 
edges of the sideWall spacers. A select gate 301 is also 
shoWn. Select gate 301 overlies a thin layer of gate oxide. 

Floating gate 107 is selectively formed to increase GCR 
in the present device. Floating gate includes a layer of 
conductive material having top surface 117, Which is adja 
cent to dielectric layer 109. Floating gate 107 also includes 
sideWall spacers 108, Which extend outside the top surface 
117. A combination of the conductive material layer and 
conductive sideWall spacers 108 provides a novel geometric 
con?guration that increases an area that is coupled to control 
gate 111 While reducing an area that is coupled to channel 
region 106. In a speci?c embodiment, the surface of the 
?oating gate that is capacitively coupled to the control gate 
is much larger than the surface of the ?oating gate that is 
capacitively coupled to the dielectric or tunnel oxide layer. 

In FIG. 2D, for example, memory device 400 includes a 
variety of features such as ?eld isolation oxide regions 202, 
Which are used to isolate the active device regions and is 
shoWn in the simpli?ed side-vieW diagram. The device also 
includes source/drain regions 204, 206 in a Well region, as 
shoWn in the simpli?ed top-vieW diagram 401. Some like 
reference numerals are used in these Figures as shoWn in the 
above Figures. 
A stacked gate structure 110 is de?ned overlying a chan 

nel region 106. A thin gate dielectric layer 113 is de?ned 
overlying channel region 106. The thin gate dielectric layer 
is often made of a high quality oxide layer such as thermal 
oxide or the like. The stacked gate structure 110 includes at 
least tWo gate structures, including ?oating gate 107 and 
control gate (and select gate combination) 111. The ?oating 
gate and the control gate are separated from each other by a 
dielectric layer 109. This dielectric layer can be a single 
layer or multiple layers, e.g., oxide on nitride on oxide. 
Control gate 111 is de?ned overlying the ?oating gate, 
including a center region of the ?oating gate interior por 
tions of both sideWall spacers, and an edge region of the 
sideWall spacer to form a split gate-type structure. Control 
gate also extends overlying the substrate to the drain region 
206. 

Floating gate 107 is selectively formed to increase GCR 
in the present device. Floating gate includes a layer of 
conductive material having top surface 117, Which is adja 
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6 
cent to dielectric layer 109. Floating gate 107 also includes 
sideWall spacers 108, Which extend outside the top surface 
117. A combination of the conductive material layer and 
conductive sideWall spacers 108 provides a novel geometric 
con?guration that increases an area that is coupled to control 
gate 111 While reducing an area that is coupled to channel 
region 106. In a speci?c embodiment, the surface of the 
?oating gate that is capacitively coupled to the control gate 
is much larger than the surface of the ?oating gate that is 
capacitively coupled to the dielectric or tunnel oxide layer. 

In the embodiments noted above, GCR increases by 
increasing the relative area of the top surface (including 
sideWalls) to the bottom surface, Which is coupled to the 
channel region. Ideally, GCR approaches one in embodi 
ments of the present invention. Practically, hoWever, it is 
quite dif?cult for GCR to equal one. Accordingly, GCR 
ranges from values greater than 0.5, or greater than 0.75, or 
greater than 0.8, or greater than 0.9 in the embodiments of 
the present invention, although GCR is not limited to these 
values. Of course, the ?nal GCR value Will depend upon the 
particular application. 

The present invention provides larger values of GCR 
using a novel fabrication method. This fabrication method 
uses sideWall spacer technology, Which may use less steps 
than conventional techniques, Which are becoming quite 
complicated. By Way of easier fabrication steps, the present 
invention may provide higher device yields and better 
device reliability. As merely an example, the present inven 
tion uses previously existing technology, Which is often 
considered undesirable, to form a novel device structure. 

In a speci?c embodiment, a method according to the 
present invention may be brie?y outlined as folloWs: 

(1) Provide substrate; 
(2) Form ?eld isolation regions on substrate; 
(3) Form tunnel dielectric layer on substrate; 
(4) Form ?rst polysilicon layer on substrate; 
(5) Form thick CVD oxide layer on the polysilicon layer; 
(6) De?ne ?rst polysilicon layer and CVD oxide layer to 

pattern the ?rst polysilicon layer and the CVD oxide 
layer; 

(7) Form second polysilicon layer on de?ned layers; 
(8) Form sideWall spacers on the de?ned layers from the 

second polysilicon layer; 
(9) Selectively remove patterned CVD oxide layer to form 

?oating gate from the sideWall spacers and patterned 
?rst polysilicon layer; 

(10) Form oxide-on-nitride-on-oxide layer (“ONO” layer) 
on sideWall spacers and de?ned ?rst polysilicon layer; 

(11) Form third polysilicon layer on the ONO layer; 
(12) De?ne third polysilicon layer to form control gate 

layer; and 
(13) Perform remaining fabrication steps as necessary. 

The above sequence of steps is used to de?ne a novel ?ash 
memory cell using an improved gate structure. This 
sequence of steps is merely an illustration and should not 
limit the scope of the claims herein. One of ordinary skill in 
the art Would recogniZe other variations, modi?cations, and 
alternatives. The novel ?ash memory cell includes a ?oating 
gate layer, Which is recessed betWeen sideWall spacers 
de?ned on edges of the ?oating gate layer. Among other 
features, the present ?ash memory cell has a higher GCR 
ratio, Which is desirable. Details of a method used to 
fabricate the present invention are discussed beloW. 

FIGS. 3—6 illustrate a method according to the present 
invention. This method is merely an example and should not 
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limit the scope of the claims herein. One of ordinary skill in 
the art Would recognize other alternatives, variations, and 
modi?cations. As shoWn, the method begins by providing a 
semiconductor substrate 115, typically the starting point for 
the fabrication process. Field oxide regions 103 form onto 
the semiconductor substrate by use of a technique knoWn in 
the art, such as the local oxidiZation of silicon (LOCOS), as 
shoWn by FIG. 3. Alternatively, the isolation regions may be 
trench isolation. Trench isolation can be formed by Way of 
directional or reactive ion etching or milling of the substrate 
to form trenches or “slits” in the substrate betWeen active 
regions. These trenches are commonly ?lled With a dielectric 
material to isolate a ?rst active region to a second active 
region. In a CMOS embodiment, for instance, P type Well 
region 101 and N type Well region (not shoWn) are de?ned 
onto the semiconductor substrate, Which is typically sepa 
rated by the ?eld oxide region 103. The P type Well region 
101 and the N type Well region de?ne the location for an N 
type channel device and a P type channel device, respec 
tively. 
A gate oxide layer 113 is groWn overlying both the P type 

and N type Well regions. The gate oxide layer is typically a 
thin layer of oxide, but is not limited to the oxide material. 
Other materials such as silicon oxynitride, silicon nitride, 
and the like, may also be used. In some embodiments, a step 
of ion implanting P type conductivity impurities into the 
substrate de?nes a buried region, Which acts as a channel 
stop region. The ion implant step is also used to adjust the 
threshold voltage of each of the devices. The buried channel 
is of P type conductivity. 

Apolysilicon layer (or gate layer) is formed overlying the 
surface of the gate oxide layer. The gate layer is commonly 
made of polysilicon and is also knoWn as the poly 1 layer 
and the like. The gate polysilicon layer is often doped With 
an N type dopant such as phosphorus and the like. Doping 
can occur using POCl3 diffusion, in-situ doping techniques, 
and implantation techniques. The gate polysilicon can be 
formed in a polycrystalline state or an amorphous state, 
Which is later converted into the polycrystalline state. Amor 
phous silicon can be formed using loW temperatures, e.g., 
550 degrees C. and less. 
A dielectric layer is deposited overlying the ?oating gate 

layer. The dielectric layer can be any suitable material such 
as an oxide layer or a nitride layer. In a speci?c embodiment, 
the dielectric layer is an oxide layer made of chemical vapor 
deposition, Which is commonly termed a CVD oxide layer. 
(The CVD oxide layer is preferably made by Way of a silicon 
bearing compound and an oxygen bearing compound. As 
merely an example, the dielectric layer is de?ned to form 
structure 131 and may be SOG, BPSG, NSG, and others.) 
A masking step de?nes a ?oating gate region or ?oating 

gate layer 107 and dielectric region 131 from the polysilicon 
layer and the dielectric layer, respectively, as shoWn by FIG. 
3. In particular, the ?oating gate region and the dielectric 
region are often formed by standard process steps such as 
masking, exposing, developing, etching, and others. The 
underlying oxide layer typically acts as an etch stop during 
the etching step, and often remains overlying both the N type 
and P type Well regions. As illustrated, the ?oating gate 
region and the dielectric layer region include edges having 
substantially vertical sides, but are not limited to these types 
of sides. The vertical sides are made by Way of plasma 
processing or Wet processing in some cases. Plasma pro 
cessing occurs using plasma etching tools. These tools can 
be con?gured to provide substantially vertical edges, Which 
occur by anisotropic etching processes. 

Apolysilicon layer 141 is de?ned overlying the structure 
of the above Figure. The polysilicon layer is conformal. It is 

10 

15 

25 

35 

45 

55 

65 

8 
formed using chemical vapor deposition techniques. The 
polysilicon layer is knoWn as the poly 2 layer and the like. 
The polysilicon layer is often doped With an N type impurity 
such as phosphorus and the like. Doping can occur using 
POCl3 diffusion, in-situ doping techniques, and implantation 
techniques. The polysilicon can be formed in a polycrystal 
line state or an amorphous state, Which is later converted 
into the polycrystalline state. Amorphous silicon can be 
formed using loW temperatures, e.g., 550 degrees C. and 
less. Preferably, polysilicon layer 141 is in electrical and 
physical contact With the ?oating gate region, Which is also 
made of polysilicon. In a speci?c embodiment, the polysili 
con layer 141 is substantially the same in characteristic (e. g., 
dopant concentration, structure) as ?oating gate region. 
An etching process is used to de?ne the polysilicon layer 

141 to form sideWall spacers 108, Which are shoWn in FIG. 
5. The etching process can be any suitable directional 
etching technique. As merely an example, a reactive ion 
etching process can be used to de?ne the sideWall spacers. 
The reactive ion etching process substantially removes hori 
Zontal portions of the polysilicon layer 141 While leaving the 
vertical sections or spacers 108 substantially intact. The 
sideWall spacers are de?ned on edges of the polysilicon 
region 107 and the dielectric region 131. 

Aselective etching step removes the dielectric region 131 
from the polysilicon region 107, as illustrated by FIG. 6. The 
selective etching step may be a dry etching technique or a 
Wet etching technique. An example of a Wet etching tech 
nique can use hydro?uoric acid or the like. Aplasma etching 
technique may use a ?uorine bearing compound or the like. 
Of course, the type of etching technique used depends upon 
the application. As shoWn, the sideWall spacers protrude 
outWardly and extend beyond the surface of the polysilicon 
region. That is, a ?rst portion of a sideWall spacer is de?ned 
along the edge of the ?oating gate layer and a second portion 
of the sideWall spacer, Which Was previously de?ned along 
the edge of the dielectric layer region, extends outWardly, 
since the dielectric region is no longer present. 
A dielectric layer 109 forms overlying the surface of the 

?oating gate layer. The dielectric layer can be an oxide layer, 
a nitride layer, or any combination thereof. In a preferred 
embodiment, the dielectric layer is a silicon nitride layer, 
Which is sandWiched betWeen tWo oxide layers. As shoWn, 
the dielectric layer forms overlying the top surface of the 
?oating gate region and the sideWalls to enclose and isolate 
the ?oating gate structure, Which includes the ?oating gate 
region and the sideWalls. The dielectric layer is preferably 
made by Way of thermal oxidation or nitridation or the like. 
This forms a high quality dielectric layer to isolate and 
insulate the ?oating gate structure from a control gate layer. 
A control gate layer is de?ned overlying the dielectric 

layer to form the structure shoWn in, for example, FIG. 2. 
The control gate layer is preferably a polysilicon layer. The 
polysilicon layer is generally doped With impurities such as 
an N- type impurity. The N- type impurity is diffused, 
implanted, or in-situ doped. In most cases, it is desirable to 
in-situ dope the impurity into the control gate layer to 
prevent any possible damage to the dielectric layer. 
Alternatively, a loWer temperature diffusion process may be 
used to introduce impurities into the control gate layer. 

In addition to those steps described above, LDD implants 
are made to form the N- type and P— type LDD regions. A 
mask typically of photoresist overlying the top surface of the 
substrate exposes regions for the N- type LDD implant. The 
N- type implant forms the N- type LDD regions for an N 
type channel device. The mask is then stripped by Way of 
standard techniques in the art. Another mask exposes P 
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type LDD regions for the P- type LDD implant. The P- type 
implant forms the P- type LDD regions for a P type channel 
device. The mask is then stripped. Source/drain regions are 
de?ned in the memory device. An N+ type implant is made 
to de?ne source/drain regions of the N- type impurity 
device. A P+ type implant is made to de?ne source/drain 
regions of the P- type impurity device. To complete the cell 
structure, the method undergoes steps of applying an inter 
dielectric ?lm overlying the surface region of the memory 
device of FIG. 2, for example. Contact regions or vias are 
made in the inter-dielectric ?lm. Remaining fabrications 
steps are performed to complete the device. 

The embodiment described above is merely a single ?ash 
memory device With a novel gate structure. Integrated 
circuits include one or more of these devices in a cell. 
Thousands, millions, billions, and even trillions of these 
devices are formed in a single integrated circuit chip. Thus, 
the integrated circuit chip can have 4 Meg., 16 Meg. 64 Meg. 
256 Meg., 1 Gig. or more devices on a single sliver of 
silicon. The channel length of these devices range from 
about 0.4 pm to 0.25 pm and less. The ?ash memory device 
can be formed in a stand alone integrated circuit chip, 
commonly termed the FLASH memory chip, in some 
embodiments. Alternatively, the ?ash memory device can be 
integrated into a microprocessor, microcomputer, digital 
signal processor, application speci?c integrated circuit, and 
the like. Of course, the number of cells and design siZe 
depend highly upon the application. 

Although the above descriptions have been described in 
terms of a stacked gate ?ash cell, a variety of other ?ash 
memory cells can be used. For example, the present inven 
tion can be applied to cells using processes called split gate 
?ash, and others. Of course, the type of cell or process used 
depends upon the application. 

While the above is a full description of the speci?c 
embodiments, various modi?cations, alternative construc 
tions and equivalents may be used. For example, While the 
description above is in terms generally to a ?ash memory 
structure, it Would be possible to implement the present 
invention embedded structures. For example, these embed 
ded structures include, among others, microprocessors, 
microcontrollers, and the like. Additionally, the ?ash 
memory structure can be integrated into an application 
speci?c integrated circuit (“ASIC”) or the like. Therefore, 
the above description and illustrations should not be taken as 
limiting the scope of the present invention Which is de?ned 
by the appended claims. 
What is claimed is: 
1. Amethod for forming an integrated circuit device, said 

integrated circuit comprising a ?ash memory cell, said 
method comprising: 

forming a tunnel dielectric layer overlying a surface of a 
semiconductor substrate; 

forming a ?oating gate layer overlying the tunnel dielec 
tric layer, the gate layer having an edge de?ned thereon; 

forming a sideWall spacer extending along and on the 
edge and extending beyond the edge, the sideWall 
spacer comprising a ?rst portion de?ned adjacent to the 
edge and a second portion extending from the ?rst 
portion to a region substantially outside the edge, said 
sideWall spacer having an outer surface opposite said 
edge, Wherein the sideWall spacer is made of substan 
tially the same material as the ?oating gate layer; 

forming a dielectric layer over said sideWall spacer and 
over said ?oating gate; and 

forming a control gate layer over said dielectric layer, but 
not over said outer surface. 

2. The method of claim 1 Wherein the integrated circuit 
device is a ?ash EEPROM device. 
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3. The method of claim 1 Wherein the ?oating gate layer 

comprises polysilicon. 
4. The method of claim 1 Wherein the tunnel dielectric 

layer comprises oxide. 
5. The method of claim 1 Wherein the sideWall is in 

electrical contact With the ?oating gate layer. 
6. Amethod for forming an integrated circuit device, said 

integrated circuit comprising a ?ash memory cell, said 
method comprising: 

forming a tunnel dielectric layer overlying a surface of a 
semiconductor substrate; 

forming a ?oating gate layer overlying the tunnel dielec 
tric layer, the gate layer having an edge de?ned thereon; 

forming a sideWall spacer extending along and on the 
edge and extending beyond the edge, the sideWall 
spacer comprising a ?rst portion de?ned adjacent to the 
edge and a second portion extending from the ?rst 
portion to a region substantially outside the edge, said 
sideWall spacer having an outer surface opposite said 
edge; 

forming a dielectric layer over said sideWall spacer and 
over said ?oating gate; and 

forming a control gate layer over said dielectric layer, but 
not over said outer surface; 

Wherein the sideWall spacer comprises polysilicon. 
7. Amethod for forming an integrated circuit device, said 

integrated circuit comprising a ?ash memory cell, said 
method comprising: 

forming a tunnel dielectric layer overlying a surface of a 
semiconductor substrate; 

forming a ?oating gate layer overlying the tunnel dielec 
tric layer, the gate layer having an edge de?ned thereon; 

forming a sidewall spacer extending along and on the 
edge and extending beyond the edge, the sideWall 
spacer comprising a ?rst portion de?ned adjacent to the 
edge and a second portion extending from the ?rst 
portion to a region substantially outside the edge, said 
sideWall spacer having an outer surface opposite said 
edge; 

forming a dielectric layer over said sideWall spacer and 
over said ?oating gate; and 

forming a control gate layer over said dielectric layer, but 
not over said outer surface; 

Wherein the steps of forming the ?oating gate layer and 
the sideWall spacer comprises: 
forming a ?rst polysilicon layer overlying the tunnel 

dielectric layer; 
forming an oxide layer overlying the ?rst polysilicon 

layer; 
patterning the ?rst polysilicon layer and the oxide layer 

to de?ne the ?oating gate layer having the edge, said 
?oating gate layer having a patterned layer of oxide 
thereon; 

forming a second polysilicon layer overlying the ?oat 
ing gate layer, the edge, and the patterned oxide; 

removing horiZontal portions of the second polysilicon 
layer While leaving vertical portions of the second 
polysilicon layer intact to de?ne the sideWall spacer 
on the edge and an edge portion of the patterned 
oxide; and 

selectively removing the patterned oxide leaving the 
?rst portion of the sideWall spacer de?ned adjacent 
to the edge and the second portion extending from 
the ?rst portion to the region substantially outside the 
edge. 


